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H D SIG D CO STRUC IO O A HIGH-T•MPERATUBE 
X-R Y SA L -HOLDER OR USE WITH THE 
0 LCO DIFFRA 'TO ET R 
I. I TRODUCTION 
Allotropic transformations, phase changes in 
alloy systems, and atomic arrangements (ordered or 
disordered) ar some of the more important determinations 
wh1 h can be accurately made by high-temperature x-ray 
diffraction. The great dvantage of this method 1s that 
these phe omena can be stud1ed at the temperature at which 
they occur, whereas quenching methods are not always 
reliable. 
major problem encountered 1n high-temperature 
-r y diffraction 1s th t of producing and maintaining an 
inert t osphere to protect those substances which are 
subject too idat1on. This problem also presents the 
problem of permitting the incident and diffracted x-rays 
to enter and leave the furnace. 
Care ust be aken 1n the choice of materials 
to n ure that the ec men w111 not react with the various 
com o ents of the sa 1 -holder at high temperatures. Most 
des1 s, ho ev r, are such that the sample will come in 
di ect cot ct 1th o ya s ngle com a ~nt -- the sampl 
pl. e. 
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These v rious factors, hich must be considered, 
all contribute to the problem of maintaining the specimen 
at a uniform tern erature, and make the problem of accurate 
temperature measurement d1ff1cult.<2,5l) 
of the Pa er 
The pur ose of this paper is to describe the 
design and construction of a sample-holder for high-tern era- 
ture x-ray diffraction work. This sample-holder ~111 be 
used in conjunction 1th a Norelco Diffractometer. Design 
of this attachment 1s such th tit will meet certain 
11m1tat1ons, h ch will be presented in detail, offered by 
the diffractometer. 
B. Review of Previous~ ork 
Although hi h-temperature diffraction cameras 
ve bee in u e for many years,* high-temperature 
goniometer attachment for Geiger counter diffractometers 
are comparatively rare. In making high-temperature measure- 
ent~, the great advantage of the diffractometer over the 
camera 1s the time saved in obtaining a complete x-ray 
p ttern. 
*The cameras used for most of these investigations have 
been of the Debye- c er-r-ez- type. Some work has also been 
done wi h he eeman-Boh 1n type camera. 
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Butters ad Parr, (l) at The University of British 
Columbia, construct d a unit which, used in conjunction with 
a Philips hi h-a gl x-ray diffraction goniometer, allows 
diffractometer plots to be made up to a temperature of 
1100°c. 
The high-temperature attachment 1s composed of 
three main p;arts (1) a water-cooled specimen-holder which 
contains the gas-1 let, thermocouple leads, and specimen- 
plate holder, (2) a water-cooled outer container with gas- 
outlet, furnace ter Lna l , and aluminum foil window, (3) a 
pl t1num-wound furnace, which fits semipermanently 1ns1de 
the outer conta1 er. 
Vacuum-tight joints are accomplished by means of 
rubber 0-ri gs and cellulose ta e. Molybdenum 1s employed 
as radiation shields, urnace supports, and specimen plates. 
In order that the specimen holder my be adjusted to the 
axis of rotation of the goniometet, an adjustable clamp 
(mounted over the ain shaft) locks the specimen holder in 
the correct pos ion. 
Dr. Premo Ch1ott1,<2> at Iowa St te College, 
constructed as ecimen holder and furnace for use as an 
auxiliary piece of e u1pment with a North Am rican Philips 
Company High le Goniometer. 
diffraction pat er 
tus can be used for obtaining x-ray 
at ·temper tures up to 1600°c and at 
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-6 -5 ·pressures in the range of 2x10 to JxlO mm of mercury. 
Diffraction patterns covering the range up to 160 degrees 
2S at a scann1n speed of 2 deg.ees 29 per minute, are 
readily obtained 1th this 1nstrument.11<2,5l) 
Thee t1re constr-uction, with the exception of 
the electrode terminals and the shaft, 1s made of 24-ST 
aluminum alloy. The terminals are made of copper, and 
the shaft 1s machined from a stainless steel pipe. 
Dr. Chiotti also achieved vacuum-tight joints 
with the use of ubber 0-rings. Both the furnace cover 
and the base are ater-cooled, as are the outer ends of 
the electrodes. 
~ small hole, which 1s sealed with glass, in the 
e d of the fu nace co er serves as a sight glass through 
which optical pyrometer read1n s are taken to check the 
readi 1s obtained 1th a thermocouple. 
The spec1me holder 1s m de and assembled o that 
the flat upper surface 1s aligned along the diameter of the 
urnace base t ro g the center of the rotation axis of the 
Goniometer. The e tin element consists of a tantalum 
tube u rounded by three tantalum radiation shields. 
Dr. h1ott1 conducted a series of runs to determine 
t e ffect of ma chan es in the position of the specimen 
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e feet 1s illustrated in Figure I. An approximate value 
for the di lacement 1s given next to each curve. A 
negative s1 1 dicates that the specimen surface was 
placed below the axis of rotation; a positive sign 
indicates that it as placed above the axis of rotation. 
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II. D SIG AND CONSTRUCTION 
Design details of the sample-holder are shown 
1n Figure 2. The entire construction is made of materials 
available in the department.* For this reason, a number 
of metals and alloys are employed in the various components 
of the unit. Each of the materials chosen have been 
investigated, and should withstand an operating temperature 
of 1000°c. 
Because of limitations on the maneuverability of 
the diffractometer, three pec1f1cations as to desi were 
necessa y (1) the ce ter of the sample cannot exceed one 
inch distance from the front of the main plate, (2) the 
water inlet and outlet must both extend from the edge of 
the main plate, and (3) the window permitting passage of 
the x-ray beam must be at least 3/8-in. wide. 
1 re ,2 s ows the machined dimensions of the main 
pl te and the back pl te, and Figure 3 shows the constructed 
plates with the shaft attached. Pure aluminum was melted 
ad c st 1 to a bloc or machining the main plate. Although 
Incl ded 1n the Co clus1on of th1s p per are some recommen- 
d t1ons s to the ro r choice of mat rials if there were 
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S H I E L D & PL ATE S 
COMPLETED PARTS 
4 
FURNACE &-. ELEMENT 
t U E 6 
A SEMBLED PARTS 
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the melting po t of pure aluminum is very low (66o0c), 
sufficient passage for ater cool1n 1s provided to keep 
the main plate (and attached parts) well below this 
temperature. 
Holes ere drilled for cold-pressing the shaft, 
sam le-plate holders, and furnace holder. These parts 
were cold-pressed 1th a hydraulic jack, an operation 
which provided ater-t1ght seals without the use of gaskets 
or seal1n wax. he fact that these joints may expand and 
contract ori heating was considered· however, 1nvest1gat1ons 
showed that no problem should be encountered at the operating 
temperatures. 
ection of 1/16-in. Inconel plate was cut and 
machined to the proper diameter for the back plate. The 
diameter of the b ck pl te 1s such that 1t overlaps the 
main pl te suff1c1e tly to provide a stop for the shield. A 
rubber asket fits bet~ee the two plates, which are joined 
with twelve 1/8-in. bolts. 
ater-coolin of the system 1s provided for by 
eans o ater inlet and a ater outlet, which extend from 
t edge of the ain plate. The inlet and outlet are -in. 
opper tubing, wh ch 1s thre ded to fit the t ped holes 
rovided in the ain late. Seal1n compound 1s employed 
to insur a water-t t seal. 
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B Shaft 
1 u e 2 shows the dimensions of the shaft; 
1 ure 3 sho s a vie of the shaft attached to th main plate. 
The shaft 1s made from a 5/8-in. aluminum-silicon bronze rod. 
The end of the shat 1s tapped for attaching the entire 
unit to the diffrac ometer. All dimensions of the shaft 
correspond exactly to those of the shaft on the commercial 
unit. The shaft 1s cold•pressed as previously described, 
and extends to the fro t face of the ma1n plate. 
C s 
1 ure 5 hows the position of the sample plat 
1 the holders 1thout the surrounding furnace. Actually, 
the s p e pl te consists of two eeparate 3 7/16 - by 13/16- 
1 • pl te elded one on top of the other. The top piece 
1 a Hastelloy C (Haynes Stall1te) plate, and has a 
7/16- by 13/1~-in. hole for the sample; the bottom is a 
oli LC -155 ( s Stell1te) plate, and provides a 
bottom for the cutout. 
th of 1/16-1 • 1 
This arrangement yields a sample 
t1~ ly, the sample plate may be 
d rom a s1 1 pl~t with the sample space m chined out. 
The a ple pl te holders are machined from the same 
b o ze rod em loyed for co struct1on of the shaft. As 
1 u t ted 1 Fi u e 1, a light defect in the position of 
t ple alon t e x of ot tion will produce a shift 
in the pos1t1o of the diffraction peaks. 
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our Allen-head 
djusting scr threaded through each holder provide 
proper alignment. Once proper adjustment 1s achieved, only 
two seres in each holder need be loosened to remove the 
sample plate. When the sam le plate 1s replaced ana the 
four seres tightened, the sample 1s 1n the correct position. 
The holders are cold-pressed, and the solid ends 
extend through th ain plate to the water surface of the 
cool1n circuit. 
The sa ple ounted 1n this manner comes in contact 
1th o compa ent of the unit except the sample plate. 
Contam1 at1on from contact with other m ter1als is thus 
el1m1 ated. 
D. Furnace and Holder 
Several attempts were made to constr ct a suitable 
urn ce to urround the sample pl te. The chief difficulty 
encountered as 1n the molding procedure because of the 
ecessary com ctness. The dimensions of the furnace are 
1 7/8-in. long by 7/8-1n. r,», 
Fi u e 4 ows the furnace finally molded and fired. 
landed, hi h-f1r1 g (2000°F) clay was employed for the 
furnace shell. It as dried for several days at JOO°.F before 
firing. A prev1o sly con tr cted, fired furnace of the same 
m t r1 1 was eas red b ore a d after firing to deter 1' e 
13 
the roper llo ances for expansion and shrinkage. However, 
hen this fur ce as te ted (see Conclusion) for thermal 
shock, it cracked at 900°F. Tie did not allow the con- 
struction of a ne furnace. 
The fu nace was molded with a longitudinal window 
to allow passage of the beam, and with ten longitudinal 
sots to hol the resistance winding. 
Chromel wire of B & S gage 26 1s employed because 
of its finene I high resistance, and high melting point. 
The gage size as det rm1ned by the length of heating 
le ent req ired and the length of conta1n1n space provided. 
The calculation for the length of wire required 1s as follo s:* 





400 at t - i2R = 3 6 R 
R = (400)/(36) = 11.1 ohms required 
Length re u1red = (11.l ohms)/(2.611 ohms/ft)=4.25 ft. 
The he ting element 1s connected to a Variao which 
can be adjusted to su ly a r n e of Oto 130 volts. The 
connection 1s made out 1de the shield, and the wires are 
1 sulated with r fr ctory beads up to the connection. 
*The ass m t1o s are b sed on thee rienc of Dr. S.T.Shih, 
and data from Ho t Construct a Laboratory Furnace," a 
booklet ubl1 hed y orton Refractories Company. 
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roblem. 
Accura e temperature measurement 1s a difficult 
chromel-alumnel thermo~ouple 1s used with a 
yrometer hich r u1res t10 ohms external resistance. The 
ther ocouple as chec ed a ainst the melting point of lead. 
To obtain as nearly accurate temperature readings as 
possible, and yet not interfere with the :p9.ssage of the beam, 
the thermocouple 1s placed directly beneath th sample plate. 
Fi ure 5 sho s the two parts which make up the 
furnac holde • The projecting piece 1s a ½-in. a'l.umfnu - 
silicon bro z rod, which 1s cold-pressed to the main plate. 
The dimensions of this rod are shown 1ri Fi ure 2. A clamp, 
formed from an Inc el pl te, 1s attached to the rod. This 
clamp serves to old th furnace 1n the correct position 
as shown 1n Fi ures 5 and 6. 
I Radiation and Heat, hield 
1 ure 3 shows the heat shield which 1s made of 
al anized steel sheet. This shield 1s 0.0315 in. thick and 
h s a 7/16-1 • w1 do hich extends around a 180° arc to 
erm1t pas a e o the beam. To insure less heat loss and 
ore radiatio protect on, th1s window may be sealed with 
um1 um foil. 
0.0197-1. lead foil outer shield 1s oldered 
to the a1n hat sh1 d. Thi lead shield serves as a 
a 1at1on sh1e d. 1 ur 5 and 6 show the complete shield 
15 
1th the ro er cutouts for attaching t the unit. 
The shield 1s completely independent of the 
rest of the sample holder, and may be removed and replaced 
without adjusting any other parts except the thermocouple. 
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III. CO CLUSION 
As a co clusion to this paper, it might be well 
to emphasize the limit on availability of materials for 
the construction of the high-temperature sample-holder. 
Choice of materials 1o an important aspect 1n the design 
of any apparatus; however, 1n this case, design has been 
more or less limited to constructional details. 
I Recommendatio s 
Cancer ing choice of materials, the main plate 
and the furnace are the two main components of the unit 
which lack desired features. Pure aluminum, although 
satisfactory during operation, is much too soft for proper 
mac 1ning. Therefore, the main pl te should be aluminum 
alloyed with some h rde 1ng element such as copper. This 
lloy could bee sily preJared and cast in the lab. Also, 
a larger diameter could e used. This would allow space 
for more attachin bolts, and also would allow more space 
for countersinking the bolts round the shaft and the 
outer ed e. 
1 dum po der ras ex er1mented with in the 
t m ts to mold the fur ace. However, the required 
molding roe dure did ot yield satisfactory results with 
1 .r f ctory. f uture work 1 s to be done on the 




If obtainable, Type HE Fe-Cr-Ni alloy 
would prove to be the best ch91ce of material for 
constructing the sample-pl t and sample-plate holders. 
his alloy has exce lent resistance to corrosion at 
ele ated tern er tures. 
Lastly, the sample-holder 1s constructed for 
ork with samples hich do not need protection from oxida- 
tion. Conversion to an "1 ert atmosphere" unit would be 
a relatively simp e proc dure. Thi conversion 1s adv1s- 
abl if exten ive and varied measurements are to be made • 
• Testing Proc dur~ 
Time did ot allow for test measurements to be made. 
desirable test ould have been the determination of some 
h se tr nsformatio. This type of test would also show 
the ccuracy of the te rature measurement. 
After th sample-holder was completely assembled, 
a trial was made at increasing temperature to determine 
the efficiency of the heating element and the water cooling 
y tem. The coo 1n system roved to function satisfactory; 
however, th furnace shell cracked at 900°F. This failure 
ay h ve bee due to one of several refractory orit r1a 
such as rt of heat1n, mold1n procedure, firing procedure, 
18 
etc. As entioned previously, if further work 1s to be 
don on this project, a good starting point mi ht be the 
co st uction of a suitable furnace shell. 
19 
V. BIBLIOGRAPHY 
1. Butters, • G., and J. Gordon Parr, "A High-Temperature 
X-ray Goniometer,' Canadian Journal of Technology, 
33 ( ctober, 1954), pp. 117-121. 
2. Chiotti, • , "Adaption of a Geiger Counter X-ray 
Diffractometer for High-Temperature Investigations," 
Norelcg Reporter, II, io. 4 (July-August, 1955), 
pp. 51, 65. 
3. Cullity, B. D., B ·e ent .9f. X-Ray D1ffract1o , (Mass.: 
Addison- esley Publishing Company, Inc., 1956). 
4. Subcommittee on Heat-Resistant Castings, "Heat- 
Resistant Castings," Metals Handbook, 1948 Edition, 
pp. 570-581. 
